The nutrient digestibility and protein utilization of undehydrated barley fractions: protein (BP), protein fibre mixture (BPF) and distillers solids (DS) at two levels of inclusion in diets fortified to equal lysine content were assayed with growing pigs in a 6 x 6 Latin square. Dried barley fibre (BF), oat protein (OP) and oat fibre (OF) from integrated starch-ethanol production were evaluated as feed ingredients for pigs in three other trials. DS and OP had a higher essential amino acids content than BP, especially with respect to lysine. All fractions had a rather high ether extract content 46-196 g/kg and their fatty acid composition is presented. BP showed higher protein digestibility than DS (0.931 vs. 0.857) and pigs on BP-diet retained more N than on DS-diet. BF showed a low digestibility of OM and CP and 0.1 inclusion of BF mixed with BP depressed CP digestibility and N-retention. A higher protein supply from cereal protein in the diet promoted N-retention but decreased protein utilization. OP had high digestibility and OF was more digestible than BF. The study confirmed the high digestibility and energy values of the proteinous grain fractions and a high protein utilization when adequately fortified with lysine. The fibrous fractions have arather low nutrient digestibility and their use in pig diets is therefore limited.
Introduction
In Finland barley feed fractions from starch and distillery production employing an integrated process have been supplied as feedstuffs since 1987 with encouraging results and a positive response from the users. In this integrated process the majority offeed ingredients are removed before alcohol manufacturing, avoiding most of the thermal treatments common in the traditional distillery process, thus yielding feed constituents of high nutritive value. Barley has been used as the main raw material in this process, although other cereals has been monitored too. Increased barley feed fraction supply for animal feeding is expected, if the progress of fuel ethanol production schemes from cereals are realised.
Dried barley protein and distillers solubles have been shown to have high digestibility and fortified with lysine, serve as good protein supplement in pig feeding (Näsi 1989 , 1992 , Alaviuhkola 1989 . Altough most of the feed ingredients from 291 the production plant have been delivered in the undehydrated form, no evaluation of the these wet feeds has been performed. The wet form is usually more economical within a reasonable transport distance from the manufacture because drying costs are avoided and the possible detrimental thermal effects can be avoided. When there are soluble carbohydrates and amino acids present, these can react during the drying prosess and form Maillard reaction products, which are largely unavailable, and have been shown to be present in distillery products (Näsi 1985 (Näsi , 1989 .
Oats is the second most important crop in Finland and oats cultivation has been substituted for barley to a large extent, while at the same time the surplus of oats has still increased. However since no previous studies have been carried out in this area the suitability of oats in starch-ethanol process is unknown. Oat protein has a promising amino acid composition, which makes it interesting to evaluate its value as a protein supplement in pig nutrition. Oat products have also aroused much attention among human nutritionists, since it has been demonstrated that oat bran provides a significant hypocholesterolaemic effect (Chen and Andersen 1986) .
Cereal protein obtained after the starch and ethanol process (Näsi 1988 (Näsi , 1989 (Näsi , 1992 ) has a rather low quality of protein considering the degree to which the composition of the absorbed amino acids is in accordance with that required by the pig. The amino acid composition of barley protein can be improved as a protein source for pig feeding by fortification with pure amino acids, especially with lysine (Näsi 1989 (Näsi , 1992 .
The present paper reports the experiments which were conducted to determine and confirm the nutritive value of undehydrated barley feed ingredients from starch-ethanol production and those of dried oat feed products and barley fibre for growing pigs.
Material and methods
Feed ingredients from barley and oats used in pig trials were obtained from the Alko Ltd Koskenkorva factory employing the ordinary integrated starch-ethanol process, except the barley protein and fibre mixture, which was manufactured without the separation of protein and fibre fractions in the production plant of Alko Ltd Rajamäki. The detailed description of the process employing the integrated starch-ethanol production method has been presented by Näsi (1988) . The flow-chart of the process is shown in Figure 1 . In the first experiment barley fractions of barley protein (BP), mixture (BPF) in the proportion of BP 0.9 and barley fibre (BF) 0.1 and barley-starch distillers solids (DS) obtained after centrifugation of distillers solubles, were delivered undehydrated and preserved with sodiumbenzoate, 2 g/kg. They were well preserved and had pH-values of 3.89, 3.93 and 4.56, respectively. Those lots were freeze-stored during the experimental period to ensure the stability. Barley fibre (BF) was dried, pelleted and supplemented prior to drying with 50 g/kg sugar beet molasses, corresponding to a proportion of 0.1 of molasses in the final product, to improve payability. The oat feed fractions were manufactured similarly as those from barley, but prior to the process oats was dehulled.
Eleven dietary treatments were used in four separate trials for nutritive value assays as outlined in Table 1 . In the first experiment undehydrated barley protein, barley protein and barley fibre mixture and distillers solids were included at two levels of supplement isonitrogenously in the barley based diets to supply 160 and 181 g of crude protein fortified with pure lysine to 8.5 g/kg. The trial was designed as a 6 x 6 balanced Latin square with growing pigs which were castrated males (Landrace x Large White) with an average initial weight of 31.9 (SE 3.86) kg and a final average weight of 96.7 (SE 4.19) kg. Two pigs outside the square were reserve animals and they were used for basic feed evaluation. As a succession dried barley fibre was assayed at two levels of inclusion in a change over trial (Exp. 2) following the first experiment with the same eight pigs at live weight from 98 to 114 kg. Oat protein as a protein supplement was evaluated at two levels of inclusion in the barley diet with four pigs at live weight from 63.4 to 88.4 kg (Exp. Agric. Sei. Finl. 1 (1992) 3). Oat fibre digestibility was measured as a sole diet component supplemented with minerals in four pigs at average live weight of 85 kg (Exp. 4).
The pigs were kept during the whole experiment in metal metabolism cages equipped with collection trays allowing separate collection of faeces and urine. Each period comprised 5 days of adjustment and 5 days of total collection of faeces and urine. The pigs were fed twice daily according to a restricted feeding regime and their diets were adequately fortified with minerals and vitamins (Salo et al. 1982) . The details of the procedure are the same as described by Näsi (1984) . All animals completed the experiment successfully and the average daily gain during the test was 857 g in first experiment. The feeds were analyzed by standard methods. Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were assayed according to Goering and Van Soest (1970) . Amino acids and fatty acids were determined by high-performance liquid chromatography and gas chromatography in the research laboratory of Alko Ltd.
The digestibilities of the ingredients were calculated with a regression equation from the quantities of each feed consumed and the digestion coefficients of the diets (Schneider and Flatt 1976) or by difference using separate data for basic feeds. Pig response to graded levels of the supplemental grain protein fractions was assessed in terms of nitrogen (N) balance, urinary N and urea excretion, biological value and daily gain. The results were analyzed by the analysis of variance for a Latin Square. The sums of squares for treatment effect were further separated into single degrees of freedom for comparisons of the dietary treatments: protein sources and levels in diet (Snedecor and Cochran 1967) . Table 2 . The proximate composition of the various ingredients corresponds rather well with the previous data referred to by Näsi (1988 by Näsi ( , 1989 , which considered the feed originating from a pilot plant production. Starch was left in the proteinous fractions 300-400 g/kg DM, which is a little higher than in the earlier analysis (Näsi 1988 (Delisle et al. 1991) . Distillers solids also had a richer essential amino acid content than other barley fractions in this study. This may be explained by the changes in the process used at the moment, in which barley solubles is not separated but it is directed in mashing. Näsi (1988 Näsi ( , 1989 found a higher lysine content in barley molasses than in BP. The dried distillers solubles had decreased lysine and other essential amino acids compared to BP (Näsi 1988 (Näsi , 1989 or to the present DS product without drying indicating some detrimental effects in the drying process. All the grain feed fractions had a rather high ether extract content, 46-196 g/kg DM, and this has an augmenting effect on energy content of these feeds. However the high content of unsaturated fatty acids of the lipids may also have some effects on pig carcase quality (Näsi 1989 ) and rumen digestive function (Huhtanen 1991) . There is no previous data concerning the fatty acid profile of feed fractions from the integrated starch-ethanol process. The fatty acid composition of the present ingredients is presented in Table 3 . The relations of different fatty acids revealed well that of the lipids in the grain raw material used. Distillers solids showed a lower ether extract content than the total fatty acid sum, which is difficult to explain, but may be attributed to the different hydrolysis methods used prior to the analysis offatty acids and ether extract. A high fat content in oat protein concentrate, 101-177 g/kg, has also been reported by WU et al. (1973) .
Digestibility and feed values
The digestibilities of the different diets are presented in Table 4 . All the barley feed fractions seemed to be palatable to the pigs even at the higher levels of inclusion. Oat fibre was an exception, and the daily allowance had to be reduced after a preliminary period. Various amounts of ingredients were incorporated in the diets which make the comparison of diets' digestibility rather complicated. Diet protein level had an improving effect on protein digestibility (P<0.05). Nutrient digestibilities, obtained for barley assayed as sole diet supplemented with minerals or calculated by regression from diet digestibilities fed at two levels, were close to each other: OM 0. The digestibilities and calculated feed values of the feed fractions of barley and oats are shown in Table 5 . BP showed higher protein digestibility than DS but organic matter and ether extract digestibilities were quite similar in both protein sources. DS undergoes various processes; mashing, fermenting and distilling, in which the thermal effect alters protein quality. Undehydrated feeds assayed here showed a little higher digestibility than those dried feeds previously reported by Näsi (1985, 1989, 1992) . The drying process has evidently some detrimental effects on nutritive value. Barley fibre had rather low digestibility, 0.583 for OM, and already 0.1 inclusion of BF in mixture with BP decreased CP-digestibility (PO.01) compared with the pure BP. Oat protein was highly digestible and OF had a higher digestibility than BF and the difference was quite large in NDF and hemicellulose, indicating differences in composition. Oat bran and oat products derived from oat endosperm have been reported to have a high proportion of soluble dietary fibre in the form ofmixed linked fi-glucans (Aspinal and Carpenter 1984, Bach Knudsen and Hansen 1991) . This is in agreement with the value of 118 g/kg found in this study. The reduced feed intake of diet including OF is in line with the observations that soluble DF may increase the viscosity of the intralumen contents of the gastrointestinal tract so delaying stomach emptying, increasing the transit time and reducing the absorption rate in the small intestine (Jenkins et al. 1978 , Holt et al. 1979 . No mixed linked B-glucans have been detected in faeces (Graham et al. 1986 ) and only 0.25-0.36 of B-glucans were recovered in terminal ileum (Bach Knudsen and Hansen 1991), indicating a high digestibility. The tendency for cereal fibrous fractions to depress digestibility in part reflected the attachment of nutrients to the fibre, thus preventing enzymes approaching their substrate. Also, some nutrients may have been surrounded completely by cell walls which enzy- FU/kg DM and 17.5-21.5 MJ ME/kg DM, due to high nutrient digestibility and fat content. These values are comparable to the earlier data (Näsi 1989) . These feeds had also a DCP content of g/kg DM, high enough to supplement a cereal diet with reasonable proportion of supplement. The fibrous fractions BF and OF had lower FU-values and contained less DCP, which limits their possibilities in pig diets. Näsi (1989) found the performance ofpigs equal to those on a control diet when 200 g/kg barley was replaced by BF, whereas Alaviuhkola (1990, unpublished) reported decreased performance incorporating gradually BF as a substitute of grain up to 120 g/kg diet.
Protein utilization
Data on nitrogen balance and protein utilization are presented in Tables 6-7. In exp. 1. the protein contents were 160 and 181 g/kg diet, with similar fortified lysine supplies of 8.5 g/kg. The dietary effects were significant in several parameters of protein utilization. Barley protein compared to distillers solids led to higher nitrogen balance (P<0.01) and protein utilization (P<0.01). The reason for this was mainly lower digestibility of protein in DS (P<0.001) followed by a lower supply of absorbed N (P0.001). The daily gains ofpigs were in accordance with the N balance being 980 and 836 g in BP and DS-supplemented diets, respectively. Urinary-N and urea-N excretion did not differ significantly between the two protein supplements indicating similar utilization of absorbed cmde protein. This agrees with production trials in growing pigs when distillers solubles in combination with BP were substituted for soybean meal (SBM) resulting in similar performance (Alaviuhkola 1989). Distillery spent wash at a level of 540 g/kg diet DM has also given a similar performance in growing pigs to that obtained with an equal nutrient supply from a barley-SBM diet (Peers et al. 1978 ). The mixture of barley protein and fibre (BPF) as a protein source led to a lower nitrogen balance (P<0.01) compared to a barley protein supplemented diet. This was mainly a consequence of the lower digestibility ofprotein in BPF (P<0.01) compared to BP followed by a lower supply ofabsorbed N (PO.OOl), resulting in daily gains of 980 g and 862 g in BP and BPF, respectively. No significant dietary effects were found in the ratios of nitrogen retention to N intake, N absorbed or urinary and urea-N excretion.
A higher protein supply promoted nitrogen retention. Increased protein supply with equal lysine supply had a significant effect on N retention (P<0.001) as a consequence of increased N digestibility (P<0.05) and amount of absorbed N (P<0.001). The higher N supply led to a increased urinary N and urea-N excretion (P<0.001) and decreased protein utilization (P<0.05) and biological value (P<0.01), indicating an imbalanced essential amino acid profile of the feed protein. However, no effect was noticed in daily gain in relation to protein supply. The decreased protein utilization in relation to higher N supply is in accordance with the observation that there is a linear response ofN-retention, urinary and urea-N excretion and daily gain (PO.OOl) to lysine supplemental level from 5.5 to 8.5 g/kg in an isonitrogenous 160 g/kg barley-BP diet, as demonstrated by Näsi (1992) . No interactions between the protein supplements and protein levels in diets were noticed in this trial.
Barley fibre increased the amount of N excreted in faeces and tended to decrease N digestibility (P<0.06), while urinary-N output also rose as a consequence of increased N supply in exp. 2. The level of BF in the diet, however, did not have a significant effect on N retention or parameters of protein utilization. The diets including 200 and 400 g/kg of BF were composed of 268 and 322 g/kg NDF and 69 and 90 g/kg ADF, respectively. A food such as bran rich in structural polysaccharides has been found to depress the apparent digestibility of nitrogen in some studies (Keys and De Barthe 1974 , Graham et al. 1986 , Sauer et al. 1991 . Some non-structural polysaccharides such as guar gum have been found generally to be without significant effect (Huisman et al. 1985) .The decrease in CP digestibility resulting from the addition of fibre in diet is partly due to an increase in the amount of bacterial N voided in faeces, where bacterial N contributes 0.5-0.9 of total N (Sauer et al. 1991) .
Some analytical errors exist in the assay of oat protein utilization, especially in urinary-N, which give a N retention ofunrealistic value. The nutritive value of oat protein has been reported to be higher than of any other cereal protein (Robbins et al. 1971) due to the promising essential amino acid composition (Table 2) . Oat protein concentrate (659 g/kg CP) obtained by alkali extraction has been used as an alternative protein source in milk replacers for piglets and could replace up to 0.5 of milk proteins without an apparent detrimental effect on DM intake and N digestibility, however growth rate was reduced a little (Delisle et al. 1991 
